Abstract
Concentrations of immunoglobulins (Ig) in serum are aVected by tobacco smoking. A series of large studies have shown lower serum levels of IgG in smokers than in nonsmokers, [1] [2] [3] [4] and in several the levels of IgA were also significantly lower. 1 3 In tobacco smokers bronchial infections are common 5 and seem to be related to the presence of chronic bronchitis (CB). 6 These infections mostly appear in the form of recurrent acute exacerbations characterised by increased sputum volume and purulence, cough, and breathing diYculties. 7 Whether smoking induced alterations in serum Ig levels are important for the susceptibility to recurrent exacerbations in patients with CB is not known. In previous studies of smokers with CB we have found significantly lower levels of IgG1 and IgG2 than in healthy never smokers. 8 However, when asymptomatic smokers and smokers with CB and recurrent exacerbations were compared in a later study, the only diVerence between the groups was a slightly lower level of IgG3 in the patient group. 9 No other studies addressing this issue with a relevant control group have been undertaken.
The aim of the present study was therefore to investigate the hypothesis that susceptibility to respiratory infections in smokers with CB is associated with lower levels of IgG and IgG subclasses or a higher frequency of IgG subclass deficiency than can be accounted for by smoking per se.
Methods

STUDY DESIGN
The study was a cross sectional investigation of serum Ig and IgG subclass levels in three well defined subjects groups: smokers with CB and recurrent exacerbations, asymptomatic smokers, and never smokers. The subjects were recruited from patient files at the department of respiratory medicine and by advertisement in a daily newspaper. The study was performed at the Sahlgrenska University Hospital, Göte-borg, a tertiary teaching hospital, and was approved by the ethics committee at Göteborg University.
STUDY POPULATION
Patients with symptoms of CB, as defined by the American Thoracic Society (ATS), 10 were studied. Coexisting chronic airway obstruction, defined as forced expiratory volume in one second (FEV 1 ) of <80% of predicted normal, was allowed. All were current smokers, having smoked at least 10 cigarettes per day for more than 10 years. In addition, all had a history of two or more acute exacerbations during the past 12 months as defined by Boman et al. 7 The total number of exacerbations during the past 2 years was recorded.
For comparison, two control groups were studied. The first comprised asymptomatic smokers, all of whom were current smokers who had smoked at least 10 cigarettes per day for more than 10 years without fulfilling the ATS criteria for CB. 10 They had normal ventilatory lung function, defined as FEV 1 of 80% predicted. Never smokers with normal ventilatory lung function as defined above made up the second control group.
Subjects with diseases or medical treatments known or thought to influence serum Ig levels were not included in the study. Accordingly, the following exclusion criteria were chosen: treatment with N-acetylcysteine, antihistamines or antibiotics; vaccination or other immunomodulating treatment during the 4 weeks prior to the investigation; glucocorticosteroid treatment (oestrogen included), whether local or systemic, or other immunosuppressant treatment during the 2 months before the investigation; and symptoms of infectious disease with pyrexia during the 4 weeks prior to the investigation. In addition, subjects were excluded from the study if they had a post-bronchodilator increase in of FEV 1 >15% predicted; an abnormal chest radiograph (CB group only); known other active pulmonary diseases such as sarcoidosis, cystic fibrosis,
CLINICAL EXAMINATION AND PERFORMANCE
Following an interview to ensure that all inclusion criteria were fulfilled, ventilatory lung function (FEV 1 % predicted) was measured with a Vitalograph Alpha (Vitalograph Ltd, Buckingham, UK) in a standardised manner.
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In subjects with CB a chest radiograph was also taken.
All subjects provided a 10 ml venous blood sample and serum was obtained by low speed centrifugation, frozen, and stored at -70°C awaiting further analysis. All blood samples were taken between 08.00 and 10.00 hours.
SMOKING STATUS
Systemic exposure to tobacco products was assessed by an enzyme linked immunosorbent assay (ELISA) for cotinine, a metabolite of nicotine which can be measured in serum. A commercially available ELISA kit was used according to the instructions of the manufacturer (STC Technologies Inc, Bethlehem, PA, USA). The qualitative cut oV for a positive (cotinine containing) sample with this kit was 25 ng/ml. Subjects with serum concentrations greater than this were considered to have evidence of recent exposure to tobacco products. This was required for inclusion in the smoking groups while all never smokers had to have a negative test for cotinine.
ASSAY OF SERUM IMMUNOGLOBULINS
The content of IgG, IgM, and IgA as well as IgG subclasses in serum was assessed by radial immunodiVusion using class specific polyclonal rabbit anti-human IgG, IgM, and IgA (Dakopatts a/s, Glostrup, Denmark) and mouse anti-human monoclonal subclass specific antibodies to IgG1, IgG2, IgG3, and IgG4 An alternative definition of Ig class and IgG subclass deficiency was also employed based on the lowest values of the control group of never smokers in the present study (IgG <6.9 g/l, IgM <0.3 g/l, IgA <0.9 g/l, IgG1 <3.36 g/l, IgG2 <1.74 g/l, IgG3 <0.19 g/l, and IgG4 <0.09 g/l).
DATA ANALYSIS
A STATVIEW 4.5 (Abacus Concepts, Berkeley, CA, USA) software package was used for the statistical analysis. Since most data did not show a normal distribution, data are presented as median values and ranges unless otherwise stated. For comparisons between groups of demographic data, non-parametric methods were used. The Kruskal-Wallis or MannWhitney U tests were performed for quantitative data. The 2 test with continuity correction according to Yates 13 or Fisher's exact test was used for comparison of proportions. Immunoglobulin data showed an approximate log normal distribution and were consequently log transformed in order to achieve approximate normal distributions. These log transformed data were then analysed by one way (comparison of study groups) or two way (influence of smoking and sex) ANOVA followed by multiple comparisons according to Tukey-Kramer 14 and to ScheVe, 15 respectively, and 95% confidence intervals (CI) for diVerences between means (one way ANOVA) and diVerences of diVerences of means (two way ANOVA) of log transformed data were constructed. By applying the exponential transformation on these 95% confidence limits the 95% CI for the ratio of median values (one way ANOVA) and ratio of ratios of median values (two way ANOVA) were obtained. All tests were two tailed and p values of <0.05 were considered significant. A Spearman rank correlation coeYcient was calculated to analyse correlations between quantitative clinical variables.
Results
SUBJECT CHARACTERISTICS
A total of 100 white subjects (43 never smokers, 24 asymptomatic smokers, and 33 with CB) were included in the study. The demographic and clinical data of the study population are summarised in table 1. The age distribution was comparable between the groups. Women were over-represented in the CB group compared with the other two groups. The asymptomatic smokers diVered from the CB group with a significantly lower number of pack years and cigarettes smoked per day. Ventilatory lung function was significantly lower in the CB group than in the never smokers and the asymptomatic smokers. In the CB group 11 of the 33 subjects (33%) had mild to moderate chronic airflow obstruction (median FEV 1 74% predicted; range 63-79). This subgroup of subjects with chronic obstructive pulmonary disease (COPD) were on average older (median age 60 v 48 years) but did not otherwise diVer significantly in demographic or clinical variables from the 22 subjects with nonobstructive disease within the CB group (data not shown).
SERUM IMMUNOGLOBULINS AND CHRONIC
BRONCHITIS
The results of the serum Ig analyses are presented in table 2. Serum levels of IgG and IgG2 were significantly lower in both asymptomatic smokers and those with CB than in never smokers. The estimated ratio of median values between patients with CB and never smokers was 0.78 (95% CI 0.69 to 0.89) for IgG and 0.65 (95% CI 0.50 to 0.83) for IgG2. The corresponding ratios between the asymptomatic smokers and non-smokers were 0.79 (95% CI 0.69 to 0.91) and 0.60 (95% CI 0.50 to 0.83), respectively. In addition, serum levels of IgG4 were significantly lower in the CB group than in the non-smokers (95% CI for the ratio 0.39 to 0.88). In asymptomatic smokers IgG4 levels were also lower than in non-smokers and almost reached statistical significance (95% CI 0.38 to 1.00). IgA and IgG1 levels were lower in both smoking groups than in non-smokers but the diVerences were not significant. As illustrated in fig 1, most of the diVerence in IgG levels between the two smoking groups and the non-smokers was due to lower IgG2 levels in the smoking groups.
There were no significant diVerences for any of the Ig classes or IgG subclasses between patients with CB and the asymptomatic smokers. In addition, the subgroup of patients with COPD did not diVer significantly from the non-obstructive patients within the CB group with respect to any of the Ig isotypes or IgG subclasses (data not shown).
Eight (19%) of the 43 non-smokers were deficient in total IgG or in one or more of the IgG subclasses using the classification of Oxelius.
12 The corresponding figures in the patients with CB and the asymptomatic smokers were eight of 33 (24%) and 10 of 24 (42%), respectively. These diVerences were not statistically significant. The numbers of subjects in the three study groups with Ig class and IgG1-3 subclass deficiencies according to Oxelius 12 are shown in table 3. The most common IgG subclass deficiency was IgG3. For all subclasses except IgG3, deficient subjects were more numerous in both smoking groups but the numbers were small. There were no subjects with IgA deficiency. Two non-smokers had IgM values slightly below the lower limit, in both cases 0.3 g/l.
Figure 1 Serum levels of immunoglobulin (Ig) G, IgG1 and IgG2 in healthy never smokers (n=43), asymptomatic smokers (n=24), and smokers with chronic bronchitis and recurrent exacerbations (n=33
Use of the alternative definition of deficiency, based on the lower extreme values in the non-smokers, resulted in lower limits for deficiency in all Ig classes and subclasses with the exception of IgA and IgG2. A comparable number of subjects in both smoking groups had deficiencies in IgG or IgG subclasses using this definition, but IgG2, not IgG3, was the most common IgG subclass deficiency occurring in six of 33 (18%) and five of 24 (21%) in the patients with CB and asymptomatic smokers, respectively.
SERUM IMMUNOGLOBULINS: SMOKING AND SEX
To analyse a possible diVerence between men and women for the eVect of smoking on Ig levels, current smokers (those with CB and asymptomatic smokers) and never smokers of each sex were compared separately. Both IgG and IgG2 were lower in currently smoking men and women than in their never smoking counterparts (data not shown). However, two way ANOVA followed by multiple comparisons revealed an interaction between smoking and sex with a significantly greater diVerence between smokers and never smokers in women than in men for IgG2. The estimated ratio of ratios of median values was 0.54 (95% CI 0.32 to 0.90). For IgG the interaction was present but was smaller and did not reach statistical significance (0.78 (95% CI 0.60 to 1.02)).
CORRELATIONS
We analysed possible correlations between serum levels of IgG2 and (1) age of the total study population, (2) duration of smoking in years, (3) cigarettes per day in current smokers, and (4) number of exacerbations in the past two years in the CB group. No significant covariation between these clinical variables and IgG2 was found.
Discussion
In the present study the hypothesis of an association between low levels of IgG subclasses or IgG subclass deficiencies and a susceptibility to recurrent exacerbations in patients with CB was not confirmed. However, current smokers had lower levels of IgG than non-smokers and this was primarily due to lower levels of IgG2. Furthermore, these diVerences were greater in women than in men, which suggests a greater sensitivity in women to the eVects of smoking on serum Ig levels.
Only a few previous studies have focused on serum Ig levels in patients with CB without severe airflow obstruction or bronchiectasis. In most of these studies smoking habits were either not considered 16 or the composition of the study and control groups made an analysis of changes not related to smoking and sex difficult. 8 17 We previously analysed IgG subclass concentrations in smokers with and without CB and found a possible connection between low levels of IgG3 and recurrent exacerbations. 9 This was not confirmed in the present larger study where no significant diVerences of possible clinical relevance between asymptomatic smokers and smokers with CB and recurrent exacerbations were found. Judging from this study it would appear that, at least in smokers with CB and uncomplicated mucosal infections such as recurrent exacerbations, low levels of IgG2 or any other IgG subclass are not important for the increased susceptibility to respiratory infections we see in the clinic.
Deficiency in one or more IgG subclasses, usually IgG2 or IgG3, and often in conjunction with IgA deficiency, has frequently been found both in patients with chronic mucosal infections such as bronchiectasis and in recurrent sinopulmonary infections. [18] [19] [20] In these studies smoking history and smoking habits are seldom reported. Based on our present results we feel that any conclusions made regarding a connection between IgG subclass deficiency and recurrent respiratory infections in these studies may have been confounded by prevalence of smoking and possibly by sex distribution in the study groups.
The fact that the influence of smoking on IgG2 and hence, to a lesser extent, on total IgG was found to be greater in women than in men has not, to our knowledge, been reported previously. Earlier reports suggesting that smoking may aVect IgG2 levels more than the other subclasses have not presented IgG2 levels in men and women separately. [21] [22] [23] Part of the explanation for the sex diVerence found in our study might be that never smoking women had slightly higher levels of IgG and IgG2 than never smoking men, although this was not significant (data not shown). Our findings are in contrast to two other studies where IgG subclass levels were accounted for separately in men and women, 24 25 showing no diVerences in IgG1 or IgG2 but slightly higher levels of IgG3 in women and of IgG4 in men. However, since the prevalence of smoking in men and women was not reported in these studies, there is at present no good knowledge of sex diVerences in serum Ig levels in healthy never smokers. The possibility that women are more vulnerable than men to the eVect of smoking on serum Ig levels, as indicated by our results, therefore remains an issue to be disproved or confirmed.
The precise mechanism(s) by which smoking aVects serum levels of Ig and the component(s) of cigarette smoke responsible for the eVect have not been clarified. However, evidence of a dose-response relationship, with lower levels of IgG with increased smoking, has been presented. 3 4 We found no dose-response relationship in this study but it must be pointed out that the semiquantitative cotinine ELISA we used only allows determination of two concentration intervals in a positive sample which makes the analysis insensitive. However, the fact that only moderate and heavy smokers were included in our study suggests that much of the eVect of smoking is already present in low level smokers and that the relationship between smoking and IgG2 levels is perhaps not of a linear dose-response nature.
A major problem when discussing Ig class and subclass deficiency is the lack of a generally recognised definition of what is meant by "deficient", partly due to the wide range of subclass levels in normal subjects. Several large studies have shown that the frequency distributions of IgG subclasses in healthy adults are skewed, with the possible exception of IgG1, 18 24 25 which was also true in our study (data not shown). It would therefore appear that the use of a normal control range based on the entire range of values in healthy normal individuals, as in several 12 24 26 but not all 20 25 27 of the previously published control ranges, is appropriate. The present study shows that it is also important that the influence of smoking, and possibly sex, is taken into account when normal control ranges are considered. We used the most widely quoted control ranges of normal values for IgG subclasses 12 which is based on 20 healthy subjects with unknown smoking status and male/female ratio. Using this definition, eight of the 24 asymptomatic smokers (33%) were deficient in one or more IgG subclasses, making IgG subclass deficiency a very common condition of doubtful clinical relevance in this group. In only one of the previously published studies defining normal control ranges was smoking status accounted for, but its impact on IgG subclasses was not separately reported. 26 Based on our results, we feel that a control group should not include an unknown number of smokers. Whether normal values should be based solely on healthy non-smokers or whether separate normal values for smokers and non-smokers should be given is debatable. The striking eVect of basing normal values only on never smokers is illustrated by our result using the alternative definition of IgG subclass deficiency (table 3) . Although about the same fraction of smokers is defined as IgG subclass deficient, the prominent eVect of smoking on IgG2 results in a different pattern where fewer individuals have IgG3 deficiency and more have IgG2 deficiency. However, the large number of apparently healthy smokers labelled as IgG subclass deficient strongly supports having separate normal ranges for smokers.
The main conclusion to be drawn from this investigation is that merely altered IgG subclass levels in smokers with CB cannot explain the increased susceptibility for respiratory infections seen in some patients. In addition, our results emphasise the need for new normal ranges for IgG subclasses based solely on never smokers and with possible sex diVerences taken into account. Moreover, "deficiency" in any Ig class or IgG subclass needs to be redefined to increase its clinical relevance.
